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A Note From the Editor
This collection of writings is but a brief summation
of the valuable experience obtained by each of these
practitioners in years of working with, and thinking
on, water. We hope that you find the work useful,
and even, inspirational. Life IS water. Landscape
architects and planners thus have a unique opportunity, and responsibility, to convey this through
each and every project and process in which we are
engaged.
So, join us, in celebrating the wonder that is water,
and in sharing your own experiences. Together, we
build a body of evidence and broaden the possibilities for creating truly resilient communities.
Paul W. Lander, PhD, ASLA, LEED A.P.
Chair, ASLA Water Conservation PPN
dakota ridge partners, Boulder, CO
Production Assistant: Katie Keller
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An Update on Weather-Based Irrigation Controllers
By Laurence Budd

Starting in 2005, I have participated in several conservation outreach programs, promoting numerous makes
of weather-based controllers for residential, commercial and municipal landscapes. All of these controllers
are on the SWAT passed list. It should be noted for the
LA community that the SWAT testing does not recommend any brand of controller, it only testifies that they
do indeed respond to changing weather conditions. In
this article, ”weather-based controllers” refers to ones
designed for landscape turf, not the desktop computer programs for golf. ??? The popular term for these is
“smart” controllers, because they should respond to real
time weather changes. When programmed and working properly, these units do prevent a lot of overwatering and promote plant health.
There are several current articles on the cool “Jetsons”
capabilities of various brands. This article does not
delve into brands or features; rather, it focuses on the
response from the industry and the public over several
years.
I was surprised recently -- actually, very surprised -when I called my favorite irrigation distributor in Colorado. I asked how many units of a popular smart controller they sold last year: “Five. And all to you.”
I was stunned. We installed hundreds of these in Colorado, California and other states, as being one of the
simplest and most effective models, with proven water
savings. So what happened?
Complexity of the controllers
What happened was the complexity of the controllers’
paradigm versus the agronomy, logic and math
skills of homeowners, landscapers and grounds managers. Some landscapers took to the paradigm right
away; this solved many of their persistent problems
and saved money. Some high-end homeowners have
also embraced the technology, to the point of providing
valuable improvements in the controller features.
This class of controllers appeal to the kind of person
who likes to write software programs or map satellite

trajectories to Mars.
We like to say these controllers are not rocket science,
but we keep noting that real rocket scientists love them.
Conversely, follow-up visits to dozens of high profile
large landscapes are showing a disappointing trend.
The $2500 smart controller given to them by the water
department is lying in a corner, and a new $69 controller from the DIY store is on the wall. In spite of many
hours of one-on-one training and support, the program
failed. And the new controller was saving money
and keeping the lawn green. Several repeating events
caused the demise of the program. Let’s break this into
residential and commercial response, but first a word
on cost.
Cost as a factor
A few of the smart controller makers have units costing
around $500 (retail) for the controller and a weather
sensor, in the 8 station max range. In the 24 to 48 station units, the prices range from $750 to $3500. This
has been an impediment to the program, as property
owners are used to spending $250 for a top of the line
controller.
Residential observations:
Most homeowners, around 80%, were unable to program their own controllers during outreach visits.
Homeowners tell us they do not want to spend $750, or
learn a large software program, or pay $10 per month,
or take a class in crop science. They just want it to work
-- but these controllers take time to learn and monitor.
Given the increased complexity of the smart controllers, the most typical outcome has been homeowners
calling the water outreach team in a panic because their
lawn is dying. In almost every case, they have jumbled
up the programming to the point the controller is conflicted and cannot execute the program. In all fairness,
asking a 75 year-old person to learn the intricate programming of a smart controller is not realistic. In cases
where the homeowner allows a trained tech to program
the controller, and then leaves it alone, the results are
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usually very good, with substantial water savings and a
healthy landscape.
Commercial observations:
In-house grounds managers tend to stick to what they
know works. The smart controllers are such a different
paradigm of crop management; many grounds managers refuse to use them in spite of all assurances and
proof. A significant problem has been change of staff.
The first manager did learn the new controller, and it
was successful. But the his replacement does not call
the outreach program for help, first jumbles the programming, causing stress in the landscape, then takes
the controller out and installs the one he or she has always liked since 1982.
A persistent bottleneck in this arena has been convincing the property owners or managers that the new controllers need a skilled tech to monitor them ongoing.
This creates a new cost center for them and some confusion. “We already pay the landscape company to do
this, why should we also pay someone else?”
The other big problem in the commercial world is the
landscape maintenance companies. Most allow minimally trained new lawn care employees to take command of the irrigation controllers. When queried on
the site’s massive water use, the staff tell us they know
how much water the lawn needs better than a machine
would, as we all stand ankle-deep in water. This has
led to a curious trend of water departments receiving
calls that 10 or more large landscapes are suddenly watering at noon. All of them are managed by the same
company, and their new “tech” has set everything the
way he likes it. In many of these cases the lawn mowing
crew have disabled the automatic features of the new
controllers, and are using them in a manual run mode
only. This results in high levels of runoff, saturated
lawns, dying shrubs. The owners are angry -- they paid
for an expensive wonder unit, why are they still receiving fines for high use?
In one Los Angeles HOA, the water use was reduced
by $90,000 per year after locking out the lawn mowing
crew. Numerous classes in Spanish have been administered to this group at the large landscape companies,
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at the expense of the water departments. What we are
seeing is that when we offer the class the next year,
they have all new people, and we are starting over from
scratch.
There are some great success stories of cities using hundreds of smart controllers in parks and medians, notably in Colorado and Texas. In all of these cases there is
a highly trained tech who has sole access to the controllers. These cities have created a cost center to manage
the controllers. They have realized that water management is a critical concern worth investing in.
Summary: Best and not-so best applications for
weatherbased controllers
Based on all of the city outreach programs, classes, visits with homeowners, and free controllers for everyone,
the following trends clearly appear: Weather-based
irrigation controllers for landscape use do work well.
They need to be installed and programmed by a welltrained professional. They then need to be monitored
or checked on a regular basis. The typical homeowner
finds the controllers too complex, too expensive, and
frustrating. The commercial and municipal landscapes
are slowly realizing they must spend a little on monitoring to save a lot on water. Bottom line: The best
environment for smart controllers is large corporate,
HOA, or municipal landscapes where there is a budget
for a professional level tech and the water savings are
significant.

Laurence Budd lives in Fort
Collins, Colorado. He works
in water conservation outreach
programs throughout the
Southwest, primarily on large
landscape water efficiency. He
is occasionally featured on the
BBC World Service.
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Plant Scientist Seeks Understanding Landscape Architect for
Meaningful Soil-Plant-Water Relationship...
By Kelly Kopp, PhD

I love my job at Utah State
University, which has three
distinct roles. As a plant scientist, I am paid to be endlessly
curious. I research a topic that
I feel passionate about, namely, plant water use and water
conservation. As an Extension
Specialist at a land grant university, I then share the results
of my research with clientele, who are immediately
able to use the results in practical applications. And
finally, as an irrigation design instructor, I am able to
teach future landscape architects and designers about
basic irrigation design techniques and how they relate
to the soil-plant-water system that exists in designed
landscapes.
In my roles as an Extension Specialist and instructor,
however, I am often frustrated with the lack of understanding that students and practitioners have about basic soil-plant-water relations. It is these relations, after
all, that precede effective and efficient irrigation design
and, ultimately, the conservation of precious water resources. And while a planting plan may be more exciting (and certainly more colorful) than an irrigation
plan, they work hand-in-hand to create a space that is
both aesthetically pleasing, functional, and conservative with water over time.
If it were up to me, I’d expand curriculums and training offerings for those who design irrigation systems to
make them as freely available as possible. Or I’d create
a “design hotline” where immediate assistance would
be given. Or maybe an irrigation superhero to fly in
and “save the day” with real-time design guidance and
understanding. Until the world bends to my will on
this matter, though, I’ll settle for sharing three basic
soil-plant-water relations concepts that can help to inform landscape architects and designers’ understanding and additional resource information.
1. Plants require water for their best health and quality.

That is well understood and obvious, right? What is

sometimes less well understood is that different plants
have different water requirements. Sometimes startlingly different water requirements. For this reason, effective landscape and irrigation designs consider plant
requirements and group or zone plants in the landscape accordingly. I do not deny that it is important
to meet aesthetic design goals with plant choice. But
the number of plant options available to the architect
or designer is tremendous and aesthetic desires may be
met even while plant water requirements are carefully considered. Becoming more familiar with the plant
palette available will not only introduce practitioners
to new plant options, but will give a basic knowledge
of plant water requirements that will lead to efficient
irrigation design. So how does one go about improving
their knowledge of plant water requirements? If you’re
still in school, consider adding horticulture classes to
your program that introduce perennial, woody and annual plant species. If you’re not, take advantage of local
university Extension resources. The land grant university Extension system in each state is a goldmine of
information and it’s their job to help! For example, a
Utah State University Extension fact sheet provides
growth and culture information about landscape plant
materials for the high mountain valleys of Utah, including water requirements. Or a Colorado State University Extension fact sheet on tree selection. (See Bibliography for these resources.) Great stuff !
2. Plants grow in soil.

Yes, we all know this, but fewer architects and designers understand the many, many types of soil out there
and how these soils affect plant water use and irrigation
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system design and operation. For example, the texture
of the soil on a site will determine how quickly water moves into the soil, how well that soil stores the
water, and how available that water is to the plants
growing on it. And different soils may also be depleted
of their water to different levels before supplemental
irrigation is required. Useful information for the architect or designer! In general, water infiltrates sandy
soils more quickly than clay soils and they retain less
of that water over time, making less available for plant
use. But what about a loamy soil? Or a silty clay, or
a loamy sand? They’re all different and it’s helpful for
the architect or designer to understand how they’re
different when choosing plant material and designing
irrigation to support that plant material. In addition,
the structure of a soil—or lack thereof—also affects water infiltration and storage and many soils in designed
landscapes are disturbed and/or compacted.The bottom line? Consider a soil test for the site you’re designing or the soil that may be brought in to the site. This
information will help you to choose plants that will be
“happy” under the existing conditions. In many states,
the land grant university houses a soil-testing lab that
will evaluate soil samples. In New Jersey, Rutgers University has such a lab, as does Lousiana State University, and Auburn University. There are also many private
soil-testing labs and land grant universities that do not
house a lab themselves can often recommend a reliable
private lab.
3. Water moves around the soil-plant-water system
for different reasons….and your irrigation design affects this.
Within the soil, water movement is largely dependent
on soil texture, as previously mentioned, as well as
the uptake of water by plants. However, water will also
move in the soil-plant system by percolation, evaporation, and runoff. For example, choosing high application rate sprinklers to irrigate plants in a sandy soil can
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result in deep percolation of the applied water. Deep
as in deep beyond the root zone of the plants. Not the
most effective way to meet plant water requirements!
On the other end of the soil spectrum, choosing high
application rate sprinklers to irrigate plants in a clayey
soil may result in runoff or evaporation of that water,
depending on slope conditions. Again, not the most effective way to meet plant water requirements. Although
some of these losses can be mitigated with appropriate
irrigation scheduling, consider too how your irrigation
specifications are going to relate to existing soil conditions. Choosing low-volume or drip irrigation allows
you to be very precise about how much and where irrigation water is applied. Lower application rate sprinklers may be a good choice for sandy soils. The point is
that familiarity with the products you specify, coupled
with a good understanding of soil conditions will give
your design the best “opportunity for success”.
I can sum it all up like this….get familiar with the irrigation products that you specify. Couple that familiarity with an understanding of plant water requirements
and how both of these are affected by soil conditions.
Add in your undoubtedly stunning designs, and you
will be a water conservation hero. Maybe even a superhero.

Kelly Kopp is a professor in the Department of Plants, Soils & Climate
at Utah State University where her research efforts are focused on turf grass
science, landscape water conservation,
and irrigation efficiency. She is the
director of USU’s Center for Water
Efficient Landscaping and a member
of the board of directors of the Alliance for Water Efficiency, an international organization promoting all aspects of water efficiency. She works directly with many
federal, state, and municipal agencies on efforts toward
the sustainable use of water resources.
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XERISCAPE: Easy, Cheap, Fun!
By Jim Knopf

No need to know exact needs of every plant
Unlike some plant information, keep it simple. Just
group plants by general water need, then don’t over-water them. Work can be done little by little or all at once.
Try starting by making the lawn smaller with wider
waterwise edges.

Curb appeal with 1/4 the water of a Bluegrass lawn!
The lawn in this photo was made smaller with wider waterwise
edges. The Turftype Tall Fescue lawn needs 1/2 the water of
Bluegrass, and the surrounding plantings get enough
water by being adjacent to the lawn.

Yes! Whether starting from scratch or “waterwising” an
existing landscape, It’s easy, cheap, and fun to save lots
of water with xeriscapes.

#2 Xeriscape... It’s cheap !
Yes... xeriscapes can cost far less than lawnscaping.
Waterwise shrub, ground cover and flower plantings
require far less expensive soil preparation making it
easier and cheaper than traditional lawns. Also, irrigation can often be done with hose-end equipment for
a few hundred dollars vs. several thousand for a fully
automatic, underground system.

Generally, landscaping takes more than 50% of the
treated drinking water supplied annually by Colorado
cities, and these cities are growing fast. So, waterwise
landscaping can play an important role in managing
the water resources of Colorado.
Xeriscape simply refers to waterwise landscaping It’s
not necessarily dry & nonirrigated. By selecting plants
from the following categories, attractive landscaping
can range from fully irrigated (never dry) to completely
non-irrigated.
Also, xeriscaping is not a style. In fact, it provides for
even more variety than traditional lawn-dominated
landscapes.
#1 Xeriscape... It’s easy !
Getting started...Keep it simple. Waterwise plant selection is the most important thing at the start. Select
plants that have similar water needs, and put them together. Don’t mix plants of different water needs, and
don’t put high water plantings adjacent to dry plantings or pavement. Use moderate water plants between
high and low water areas.
The Xeriscape Flower Gardener and WaterWise Landscaping with Trees, Shrubs, & Vines list hundreds of
plants by water needs. Both books are available from
Amazon.com.

Xeriscaping can cost far less to construct than
traditional landscaping

		
Contractor 1
The traditional design: $18,834
Xeriscape design:
$7,472		
Savings
$11,362		

Contractor 2
$24, 680
$14,089
$10,591

Xeriscape... It’s fun !
Gardening is greatest when it’s something to do and
not to be done with. Think about what you like doing,
and what you don’t. Mowing must be done every week
or everyone will know you didn’t do it. Shrubs, ground
covers and even flowers can be left for long periods
without attention. In flower plantings, minimize bare
ground. Fill the areas with plants you want, and let
them fight the weed war. Get clever... there are endless
ways to reduce regular maintenance chores, and endless ways to create a landscape that’s fun to maintain.
Maintenance by puttering ( little by little, and when
you want to) is great. and Xeriscape makes it all possible.
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HOW MUCH WATER DOES LANDSCAPING REALLY NEED?
The following chart shows how to divide landscaping into different zones, based on the water needs of plants.
Numbers illustrate typical Denver & Salt Lake City conditions.

HIGH WATER ZONES
Bluegrass turf

MODERATE WATER ZONES
Half of Bluegrass turf

LOW WATER ZONES
Buffalograss turf

VERY LOW ZONES
Too dry for any turf

(always wet at surface)

(like Turf-type Tall Fescue)

(like Denver without irrigation)

(drier than Denver & SLC)

18-20 gals./S.F./season
.5”-- 3 times per week

10 gals./S.F./season
.75”-- once per week

0-3 gals./S.F./season
.5”-- per 2 weeks, optional

No irrigation
No irrigation

Typical plants:
Kentucky Bluegrass,
Redtwig Dogwood, Pansies

Typical plants:
Turf-type Tall Fescue,
Potentilla, Purple
Coneflower, many shade trees

Typical plants:
Buffalograss lawns,
Rabbitbrush, Mexican Hat Coneflower

Typical plants:
Piñon Pine, Yuccas, Apache
Plume, Agaves, Penstemons

For more information see:
WaterWise Landscaping with Trees, Shrubs, & Vines, Knopf, Chamisa Books

Jim Knopf is a landscape architect specializing in Rocky
Mountain Xeriscape design and a consultant to regional
water boards. He lives in Boulder, Colorado, and lectures
and teaches classes on Xeriscaping throughout the
Rocky Mountain region.
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The Potential for Residential Landscape Water Conservation:
A Colorado Case Study
to determine the landscape water use for that month.
By Ken Ball, ASLA

Introduction:
The Dougherty case study was conducted over a four
year period from 2008 to 2012. The study conducted
with support from the City of Westminster, CO provides means to compare five landscapes all within 500
feet of each other, all with similar topography, exposure,
and property size: Three traditionally landscaped properties each having Kentucky Bluegrass as the primary
vegetative cover; a landscape having no lawn grass at all
and landscaped with more traditional plant material;
and the subject property, designed to be more attuned
to natural environ-	
   	
  
mental conditions
of this region.
Plant material at
the subject property consists of low
to very-low water
requiring, adapted
and native species.
It also includes a
small plot of Turf
Type Tall fescue
for ‘Josie’ the family
pet and a vegetable
and fruit garden
with three raised
beds for growing
organic produce.

The landscape season for this region is generally considered to be approximately 22 weeks long. In Westminster, water meters are read monthly, therefore, for
this study, it was decided to make the season conform
to five months, which is two weeks less. The months
selected were: May, June, July, August, and September.
At all sites there was a marked increase in water use
beginning in May. The end of season water use for one
site extended into October, but for the rest a noticeable
decline in water use was evident in September.
The water utility industry for the Colorado area has
promoted for
years that landscape water use
is typically 18
gallons of water per square
foot per year.
This amount
is based upon
traditionally
designed landscapes primarily covered with
lawn grass. That
amount of use
has been supported by more

studies
What 80,000 gallons less water used looks like as compared to
using evapotraditional Blue Grass landscapes nearby. AKA: The Dougherty
The subdivision is
transpiration
Blue Grama ‘urban meadow’ curb appeal.
recent, dating to
(ET) rates of
about 2005; therevarious landfore long term water use records are not available for scape plant materials. Since the early 1980’s, with the
comparison.
advent of the Xeriscape concept for landscape water
Water use records for the five properties were provided conservation, landscapes having smaller areas of lawn
by the City of Westminster. For the four sites other and greater use of alternative planting species has been
than the subject property, no meters were present on an increasing trend. Droughts and ever increasing water rates have reinforced this trend toward more water
the irrigation systems. Landscape water use for each of
wise landscapes.
those sites was determined by averaging the six lowest
months of total water use to define an average monthly
indoor water use. The indoor amount was subtracted
from each of the five highest monthly water use records

	
   recent
	
  

The complete case study is available from The City of
Westminster, CO Planning Office.
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Original Property Data:
The original site consisted of a structure with a footprint of 2,157 square feet on a gross property area of 7,445
square feet. The original lawn grass area was 1,970 square feet nearly equally divided between front and back
landscape areas. The following site data were identified upon completion of the landscape remodel in May of
2009.

Four Year Calculated Landscape Water Use
Comparison of the five study sites.

YEAR 		2008		2009		2010		2011		TOTAL
SITE
Subject Property
Site 1			
Site 2 		
Site 3			
Site 4			

24,300
67,600
60,400
55,800
24,500

36,990
68,200
44,200
27,500
8,800

19,860
107,900
44,100
46,200
12,700

21,230
76,300
33,800
51,000
9,700		

102,380 B
320,000 A
182,500
180,500
55,700 B

Westminster water rates are based upon a tier usage system. Generally rates are low for essential, life support
water use and escalate for higher, less essential water use such as irrigation, car washing, and other outdoor uses.

Comparative Total Site Expense for Water
LOCATION		2008		2009		2010		2011		TOTAL
Subject Property
$149.22
Site 1			 $395.05
Site 2			 $431.28
Site 3 			 $321.79
Site 4			 $237.94

$203.97
$339.82
$351.95
$200.85
$186.47

$123.91
$595.62
$326.00
$304.54
$145.49

$149.47
$419.18
$342.71
$420.59
$128.67

$626.57
$1,749.67
$1,451.94
$1,247.77
$698.57

A Site 1 - NOTE: Water use records suggest that irrigation at this site continued well into October of each year. If the October use for
each year is added to this amount to total outdoor water use over a four year period for Site 1 would amount to 372,200 gallons. The
other four sites in the study reveal a marked reduction in water use in October to the approximate average indoor water use amount.
B Subject Property/Site 4 Comparison - NOTE: Outdoor water use at the subject property includes regular irrigation of a plot of Tall
Fescue grass, periodic irrigation of the Blue Grama meadow to keep the grass at a prime color (though the grass could and would exist
without irrigation), and routine irrigation of a fruit and raised bed vegetable garden.
It is obvious from the above records that Site 4, without any lawn, meadow, or vegetable garden demonstrates even greater potential
for landscape water conservation. However, great care must be exercised during design to avoid extended areas of rock mulch which
can become a heat sink resulting in higher site temperatures and therefore greater use of air conditioning which nullifies conservation
savings. Rock mulch areas should be designed to have a minimum of 50% vegetative cover.
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Study Site 2007 Before Conversion:

Front Yard

Back Yard

Study Site After Conversion:

Property Renovation Statistics

	
  

GROSS SITE AREA				
7,445 SF
BUILDING FOOT PRINT			
2,157 SF
DRIVEWAY					882 SF
WALKS						281 SF
PATIO						260 SF
NET LANDSCAPE AREA			
3,865 SF
PET PATH					181 SF
MULCH AREA (Non-irrigated)			
654 SF
DRY STREAM FEATURE			
235 SF
IRRIGATED LANDSCAPE AREA		
2,795 SF
GARDEN					100 SF
URBAN MEADOW (Blue Grama ‘Hachita’)
510 SF
LAWN (Turf type Tall Fescue)			
220 SF
ORNAMENTAL PLANTING AREAS		
1,965 SF
ANNUAL WATER SAVINGS			
46,000 GAL

Back Yard, 2009
	
  

	
  

Front Yard, 2009

Front Yard, 2010
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Naturalizing Urban Landscapes for Energy and Water Conservation:
A Case Study, 2005-2011
By Ken Ball, ASLA
water conservation rebate program. Briefly stated, the
rebate program calculates historic water use for a project and sets an annual water use reduction target. Over
time, as an applicant’s project continues to meet the
established annual target savings, a rebate is paid to the
applicant in an amount approximate to the value of the
water saved.
Introduction:

In 2005, as part of the Governor’s directive for improved environmental efficiency at State facilities, the
Laboratory Services Division of the Colorado Department of Public Health and Environment (CDPHE)
implemented a comprehensive energy and water use
reduction program, beginning initially with interior
components of the Campus.

For the Lowry project, a ‘Weather Normalized Baseline’ (pre-project) landscape water
use was calculated from DW water use records in the
amount of 4,139,547 gallons per year.
The ‘Weather Normalized Target’ for a site is set by
	
  
Denver Water
based upon the square feet of landscape
converted to lower water demands.

For the Lowry project the Weather Normalized Target
is 2,106, 594 gallons of water use for landscape areas
per year.

Late that year plans and design for a landscape remodel were completed with a
Annual Calculated Landscape Water Savings*
concept goal of
CDPHE Lowry Laboratory Services Division
reducing landYEAR
2007		
2008		
2009		
2010		
2011
scape water use
and landscape
SAVINGS
Gals/yr.		
3,145,130
3,009,308
2,306,188
2,861,240
2,628,485
maintenance
Acre
Feet/yr.
9.6		
9.2		
7.0		
8.7		
8.0
energy use by
% reduction
76		
73		
66		
69		
64
more than fifty percent. The
*Data derived from CDPHE graph created by Denver Water.
site would need
also to compliment surrounding residential, park, and commercial landscapes. The following table summarizes the landscape water
savings for the Lowry project for the post construction
The existing landscape was dominated by nearly 90,000
years 2007 to 2011.
square feet of Kentucky Bluegrass, most of which was
Conservation Results: Energy
in poor condition due to a combination of reducing the
amount of water used on the grass plus inefficiencies Maintenance, that is, routine mowing of the landscape was reduced from one mowing per week to only
and operational problems within the older irrigation
two ‘mowing’s’ per year. By design, the grass is kept at
system at the site.
about 8 to 9 inches tall by cutting in mid to late July
Conservation Results: Water
and then again in September. Use of string trimmers
CDPHE applied for and the Denver Water Depart- (weed whackers) keeps the grass in an uneven height
ment (DW) accepted the Lowry project into the DW and presents a more natural aesthetic.
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The ‘State Grass’, Blue Grama Grass,
(Bouteloua gracilis), variety ‘Hachita’ was seeded over
most of the sun filled site.

Methods/Materials:
The 83,360 SF of seeded grass installation consists of
a cool season short meadow grass mix of Covar Sheep
Fescue and Durar Hard Fescue for a small location
having more shade. Sunny locations, the majority of
the site, feature ‘Hachita’ variety of Blue Grama Grass.
Blue Grama is a warm season grass and is the Official
State Grass for Colorado. Blue Grama grows, without
irrigation, on the plains just east of Denver. Both grasses were seeded at a rate of 2 pounds of seed per 1000
SF and irrigated to hasten establishment. All original
Kentucky Bluegrass sod was stripped and removed
from the site and used for fill in a park being constructed nearby.
Several ornamental planting beds with low to very
	
   low water requiring flower and shrub species as well
as stone plazas and patios highlight the balance of the
approximate 90,000 SF site.

July 2, 2007
Germination one week after seeding.

August 2, 2007
An urban meadow.
	
  

	
  

	
  

Ken Ball is licensed to practice Landscape Architecture in Colorado and New
Mexico. He entered private practice in
1997 as Mountain Spirit Studio following three decades with the Denver Water
Office of Water Conservation as Principle
Landscape Architect. He is a member of
the original design team that created the
Xeriscape program and fundamentals.
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Net Zero Campus Project in Palm Springs
By Rob Parker

Currently we are working on an overall net zero campus for a local community college in Palm Springs. The
college has mandated that the entire campus be net
zero, which creates a series of challenges for the design
team based on LEED requirements, Cal Green requirements, local water district controls, environmental
limitations, and overall budget restrictions.

To date the design team which includes HGA Architects and MSA Engineering has been able to design a
system that achieves a net zero water use for the planting. This is based on the ability to utilize water from
the mechanical systems as well as low water use native
plants, innovative irrigation delivery techniques and a
rain capture cistern system for storing any rain water
that is generated on site.

The biggest challenge is that the area receives only 4.4”
average rainfall a year -- if there is any at all; some years
there is none. Unlike Arizona desert areas, which receive monsoonal moisture in the summer months, the
Palm Springs area historically receives the majority of
the rainfall during the winter months with some intermittent rainfall in the summer.
A 30,000 gallon cistern system for storage and recovery of rainwater runoff has been designed with redundancies of also storing blow down water from the
mechanical systems and a possible redundant filling
system from potable water sources if needed. It has
been determined through analysis of the mechanical
systems that the redundant system may not be needed,
as the mechanical system generates an abundance of
water for use in the irrigation of the plantings. So far
only the first phase of the campus has been designed
but it is the intent that future expansion may also be
served by the cistern system.

The water available from the mechanical systems is of
a high alkaline nature and as such will require a plant
selection that will survive these conditions. In addition,
the majority of plants for approximately ¾ of the overall site will only be temporarily irrigated through the
use of an agricultural system for one year until established. The system will then be turned off and the plant
materials are expected to survive on the rainfall they
receive. The only area that is to be permanently irrigat-

ed is the central courtyard of the phase one buildings
and the area immediately surrounding them.

The plant selection required a major shift in the local
thinking of what an acceptable landscape appearance
is. Under most circumstances they are highly maintained irrigated sites that require vast amounts of water, even under drip irrigation and weekly maintenance.
We have selected to keep a native feel to the planting,
which means they will be hot and cold dormant -- a
major change from current thought in the region. In
addition, the plant selections will be limited to very
small sizes at installation to encourage higher rates
of survivability. This was coincidental as many of the
species selected for use are only available in very small
sizes due to slow growth and limited availability. Many
will be contract grown for the site by local nurseries.
Plantings in the courtyard are a greater challenge, as
the area is shaded most of the year and many of the
plants that will survive in such conditions are of higher water use varieties. We are forced to think outside
the native palette in these areas and are integrating
succulent species into the palette which will thrive in
the low light conditions, reduced water consumption
and are also low maintenance as their natural growth
patterns are taken into account in their selections to
reduce pruning, green waste removal and fertilization.
It is the design intent that none of the planting is to be
fertilized.
In addition to the native species that are to be temp
orarily irrigated, there are areas of non-irrigated hydro
seeded areas which are intended to regenerate only
with rain water received in winter months, until that
time such species will remain dormant.

Rob Parker works for RGA, which was founded in
Palm Desert in 1977 by Ron Gregory. RGA has 35 years
experience in providing landscape architectural services
in southern California. For more information and project
photographs, visit their website at www.rga-pd.com.
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Seven Strategies for Water Efficient Landscapes
By Darell Bagley

Located on a major growth corridor extending north
of Dallas, Frisco, Texas has the distinction of being one
of the fastest growing cities in the nation during past
decade, according to the U.S. Census Bureau. Rapid
growth, combined with hot dry summers, and periodic
drought cycles naturally puts a strain on water resources.

Due to widespread use of automatic irrigation systems,
water is being used on landscapes at an unprecedented
rate. According to the EPA, as much a 50% of that
water is wasted due to inefficient irrigation.
When the City initiated a comprehensive rewrite of
its Zoning Ordinance, staff wanted to incorporate best
practices in the document’s landscape requirements.
After intensive research the City developed an ordinance that incorporates practical strategies that will
benefit the City of Frisco for years to come. These
strategies can be used by anyone to effectively reduce
landscape water use.
The final document emphasizes water conservation
and sustainability, and earned the City an ASLA Texas
Merit award in 2012.

FRISCO’S APPROACH
STRATEGIES:
1) Use Regional Advantages
2) Establish a Baseline
3) Set Limits
4) Use Efficient Irrigation
5) Establish Zones
6) Estimate Water Use
7) Monitor Water Use
1) Utilize Regional Climate Advantages
The Blackland Prairie region where Frisco is located,
receives an average of 35” of precipitation annually –an
ample supply to support plant life.
Native prairie grasses, forbs, trees shrubs, and even
crops such as wheat and corn can grow in this environ-

ment without irrigation. Yet, conventional landscape
plants, not adapted to the region, must be irrigated
when the summer heat comes on and the rains diminish.
Frisco’s approach promotes the use of native plants that
have thrived for thousands of years, while still allowing the use of more water intensive landscapes in key
locations.
Frisco’s ordinance views irrigation as a way to supplement rainfall – not vice versa – and emphasizes its
efficient use.
2) Establish a baseline
Frisco’s goal is to reduce landscape water consumption
by 50%. In order to do that, there must be a baseline
from which to measure.
The irrigation industry uses Reference Evapotranspiration (ET0) as a baseline. Historically ET0 in the
Dallas Fort Worth region is about 56”, while average
rainfall is about 35” (see ITC - TexasET Network). At
first glance, it appears that more water is being lost to
the atmosphere from evapotranspiration than is coming from precipitation; however, this is not the case.
ET0 is based on a reference crop –a cool season grass in
well watered conditions –which is not exactly adapted
to Texas heat. Plants native to the region don’t lose 56”
a year or they wouldn’t be here. The irrigation industry
uses Crop Coefficients or Plant Coefficients – percentages for various crops relative to ET0. For example, the
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Crop Coefficient for a native plant may be 0.2 (or 20%
of ET0) and 0.6 for a warm season grass like Common
Bermuda.
Plant coefficients (PC) don’t remain constant throughout the year. During the cool dormant season, the PC
for a warm season grass, such as Bermuda, may be near
zero, but during hot summer months it reaches its zenith, thus demanding more water to keep it looking
green.

LA is the landscape area in square feet and 0.62 is a
conversion factor used to convert the number from
inches to gallons.
Continuing the previous example, the ET0 is 56 and
the 0.5 is the ETAF; if the LA is 500 sq ft, then the
LWA is 8,680 gallons.

Consider now the role of irrigation efficiency. Assuming optimum head spacing and pressure, nozzle efficiency can be ranked as follows:
NOZZLE TYPE
Sprays
Rotors
High Efficiency Nozzles
Drip & bubblers

IE
40%
60%
70%
85-90%

To determine the Watering Requirements (WR), an
ET0 Adjustment Factor (ETAF) –the Plant Coefficient (PC) divided by the Irrigation Efficiency Factor
(IE) –is multiplied by ET0 like:

For example, when using the PC for Bermuda (0.6)
and the IE for rotors (0.6), the WR is the same as ET0
– quite typical of actual water consumption in Frisco.

3) Set Limits
Since Frisco’s goal is to reduce landscape water use
by 50%, a simple formula can be used to establish the
Landscape Water Allowance (LWA) or maximum
water allowed per year.

This formula does not include effective precipitation,
which – like a deposit in a bank account – greatly lowers the need for supplemental watering from irrigation.
4) Ensure Irrigation Efficiency
Precipitation rates and high pressure also impact irrigation efficiency. Irrigation heads that emit water at a
rate too fast for the soil to absorb, cause run off into
the street and eventually down the storm drain. High
pressure exceeding manufacturer’s recommendations
results in misting and fogging water that is lost to the
wind and atmosphere.
Use of high efficiency nozzles / low precipitation nozzles
with in-head pressure regulation can easily solve both
problems. Nozzles having a Distribution Uniformity
(DU) of 0.7 or greater and a precipitation rate (PR) of
1” per hour or less is a good standard. The Center for
Irrigation Technology provides third party testing for
irrigation products and is an excellent source to verify
product compliance.
ET or Smart irrigation controllers, automatically adjust
how much water is applied to the landscape based on
local weather or soil moisture. Proper programming
(entering the plant type, irrigation type, soil type and
other information for each zone) enables the controller
to water the correct amount for the approved landscape
design.
5) Establish Landscape Zones
To achieve the LWA, landscape design cannot be left
to chance. The simplest way to accomplish this task is
to break the landscape up into zones and estimate the
water use for each zone.

Page 18
Frisco’s ordinance establishes the following landscape
zones:
• A Natural Landscape Zone
• Water Resource Zone
• High Water Use Zone

The Natural Landscape Zone (NLZ) contains only
native and adapted plants and only temporary irrigation is necessary to establish the plants materials.
Water Resource Zones (WRZs) mimic the natural hydrology of a site by integrating stormwater runoff with
the landscape. Stormwater becomes a source of water
for the plants and the plants and soil help to protect
water quality by filtering runoff from adjacent parking
surfaces. Like NLZs, WRZs use very little irrigation.

Notes from the Field
designer can quickly make changes such as selecting
more efficient irrigation, or changing a turf area from
Bermuda to Buffalo Grass.
7) Monitoring Landscape Water Use
Each project is carefully tracked using customized
software set up by Frisco’s Information Services. Early
in each year staff runs a report that compares actual
landscape water consumption to the LWA. The report
also shows how many inches have been applied to the
landscape for each property in the system.

Properties that exceed the LWA by 10% or more are
notified and asked to schedule a free irrigation consultation with a staff licensed irrigator to determine the
cause of the overage and make recommendations. A
simple adjustment to the controller settings is often all
that is required.

PRACTICAL IDEAS THAT WORK
The third Zone – the High Water Use Zone (HWUZ)
– is optional. HWUZs may be used where a greener
more conventionally irrigated look may be desired.

6) Estimate Landscape Water Use
To simplify implementation, Frisco developed a
spreadsheet calculator that enables the user to quickly
determine the LWA and ELWU.

Entering the total landscape area in the spreadsheet
allows the user to see the LWA. The user enters the
landscape area for each type of landscape zone, using
drop down lists for Landscape Zone type and Irrigation Type. The spreadsheet then automatically calculates the ELWU for that zone in gallons per year.
If the total ELWU for all zones exceeds the LWA, the

The water conserving strategies in Frisco’s Landscape
provisions are practical ideas that make sense, saving
more than 234 million gallons in the first few years
alone.
• Native plants save water and money, but also
contribute to a sense of place.
• Establishing a baseline, setting limits, and ensuring
efficient irrigation standards are all critical to
implementing an effective program.
• Establishing zones allows for flexibility in design
while ‘building in’ the means to accomplish the
water savings goals.
• An easy-to-use spreadsheet assists designers to
quickly estimate water usage early in the process.
• Monitoring every project, with follow-up
inspections and free consultations, ensures the
standards are being met.
All the individual parts are good steps, but putting
them together has been the key to success.
Darell Bagley is the Sr. Landscape Architect for the City
of Frisco. His professional interests include: Water Conservation, native prairies, and designing neighborhoods that
preserve natural features. He lives with his wife and two
sons in McKinney, Texas.
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Validating Environmental Performance:
Green Roof Innovation Testing Laboratory (GRIT Lab)
by Liat Margolis

4) irrigation regimes (none, timer activated, soil moisture sensor activated).

Panorama of GRIT Lab and the Toronto skyline

Following the 2009 launch of the City of Toronto
Green Roof Bylaw, several technical questions developed regarding the optimal performance of a green
roof relative to its construction standards. These questions arose due to the lack of sufficient testing of these
standards in context of the Southern Ontario climate.
Although Toronto set an example as the first city in
North America to legislate such a bylaw, it neglected to
demonstrate its efficacy relative to its life-cycle cost. To
that affect, the primary question that is driving research
today concerns the metrics of such green technologies,
or the ways by which we can measure, evaluate and retool our solutions to suit climate specific priorities.
The University of Toronto’s Green Roof Innovation
Testing Laboratory (GRIT Lab) was established in
2010 to test and evaluate the construction standard
with respect to four performance criteria: 1) stormwater management, 2) evaporative cooling, 3) biodiversity, 4) life cycle costs. It includes the installation and
real-time data acquisition and analysis of a range of
green roof configurations. The study includes the construction (2010-12), monitoring via sensor data and
field study observations, statistical analysis and data
visualization (2012-2015). A 4000 ft2 section of the
Daniels Faculty roof has been dedicated to conducting
the experimental aspect of this research. Thirty-three
(4 ft x 8 ft) beds have been designed to compare the
following four parameters: 1) growing media type
(FLL standard vs. high organic content), 2) growing
media depth (4 in vs. 6 in), 3) vegetation community
(sedum vs. native and biodiverse prairie-meadow mix),

Sensor Diagram: Each bed is instrumented with thermal and
moisture sensors, a rain gauge and infrared radiometer (8 sensors
per bed; 264 total) that are calibrated to acquire data in real-time.
These data will be analyzed against base-climate data, acquired via
a weather station onsite.

To accurately quantify stormwater management and
evaporative cooling, several data points are required.
Firstly, base climate data will be gathered through a
weather station installed on site. These data include:
wind speed and direction, barometric pressure, solar
radiation, rainfall, relative humidity and ambient temperature. Secondly, in order to calculate stormwater
runoff and to quantify water retention capacity, each
green roof beds is equipped with a tipping bucket rain
gauge (measuring volume/time) and a soil moisture
sensor (measuring volumetric water content, temperature and electrical conductivity in the soil). The hypothesis is that growing media in different hydrologic growing media groups as well as plant species, will
dramatically affect runoff curves and retention ability.
Of particular interest is the retention capacity during
inter-event storms.
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Scott MacIvor, Dr. Brent Sleep, Dr. Heather MacLean, Benjamin
Matthews, Curtis Puncher
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Water Management, Eco-Springs Irrigation, Greenscreen, GroBark, Hunstman, IRC Building Sciences Group, Siplast, Toro,
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Finally, in order to quantify the thermodynamic magnitude of each of the beds and calculate evaporative
cooling, five temperature sensors and an infrared radiometer are installed on a vertical gradient: one temperature sensor is installed at the top of the growing
media and a second at the bottom. This will allow the
heat flux through the media to be determined. A third
temperature sensor will be positioned at the bottom
surface of each of the beds. Since the thermal properties of the beds between the growing medium and the
bottom of the beds is known, heat flux can be determined to a high degree of accuracy. Finally, two temperature sensors are positioned at heights of 6 inches
and 2 ft above the media. These will be used to determine the distance from the green roof surface at which
the evaporative cooling effect takes place. Finally, an
infrared radiometer is mounted 4ft about the bed surface to record the average foliage surface temperature
(3ft circle).
The biological component of the green roof is being
studied through field observations. The primary purpose of this analysis is two-fold: 1) to accurately document and quantify plant diversity and composition and
2) to determine the affect of various treatments (growing media type, depth and irrigation regime) on specific
species. Included in this process is the documentation
of germination density during the establishment period, the recovery rate after the dormant winter months
and the annual changes over the study period.
Website
http://grit.daniels.utoronto.ca
Live Camera
http://roof-cam.daniels.utoronto.ca/

View of a green roof bed with thermal and infrared sensors

Liat Margolis is a landscape
architect, researcher and Assistant
Professor of Landscape Architecture at the University of Toronto.
She is also the principal investigator
of GRITlab (Green Roof Innovations Testing Laboratory), where
she examines the environmental
performance of green roofs, green
facades, and solar technologies. Liat
Margolis is the co-founder and former director of Harvard
Graduate School of Design’s Materials Collection, and former director of research at Material ConneXion, Inc. in New
York City. She is the co-author of the book, Living Systems:
Innovative Materials and Technologies for Landscape Architecture (Birkhaüser: 2007). More broadly, Liat Margolis’s
research focuses on the knowledge transfer of multi-performance materials and technologies across disciplines, particularly in relationship to performative landscapes as urban
infrastructure. She received her Bachelor degree in Industrial
Design from the Rhode Island School of Design and a
Master in Landscape Architecture from Harvard’s Graduate
School of Design.
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Water-Conserving Landscape Research in South Asia
By James L. Wescoat Jr., ASLA

The field of water-conserving landscape design is expanding rapidly worldwide. It has a fascinating history,
as well unfolding innovations in regions such as South
Asia. In the field research reported here, water history, conservation, and future planning are closely linked
with one another. The projects involve water conservation research projects primarily in India and Pakistan,
in which I have had some role – ranging from issues
of wastewater drainage and reuse to increasing water
use efficiency in historic gardens and modern water
systems. Many projects led by landscape architects and
water scientists in South Asia have informed and inspired these projects, and they are cited in the articles
listed references at the end of this profile. The projects
noted here are arranged in a jointly chronological and
thematic sequence.
Wastewater Reclamation & Waterscape Design. An
early study of Mughal garden history and heritage in
Lahore, Pakistan (which had exquisite water channels,
fountains, and pools) drew attention to problems of
stormwater and sanitary wastewater drainage in lowlying settlements near the gardens (Wescoat 1995a).
In 2012, the Aga Khan Program for Islamic Architecture at MIT conducted a planning and design studio
that addressed such issues on the Barapulla nallah, an
open stream-sewer running alongside a renowned Sufi
center and Mughal tomb-garden landscape in the Nizamuddin area of Delhi (studio report in preparation).
Climate Change
and
Irrigation
Management in
South Asia. Another study undertaken
over
two decades ago
on potential effects of climate
change in the Indus basin (Wescoat, 1991; Wescoat
and Leichenko, 1992) has also had renewed salience
in current studies by the World Bank and the National Research Council. These studies strive to strength-

en the linkages among hydroclimatic, water resources,
agro-climatic, and natural hazards analysis at multiple
scales. They invite further linkages across the landscape
scales of water management from gardens to river basins (Wescoat, 2012).
Water-Conserving Design in Historic Mughal and
Rajput Gardens. Garden research raises fascinating
questions about how historical water systems worked
centuries ago; how they been perceived, represented,
and altered over time; and how they should be co served
for the future. Several examples underscore the rich
historical linkages between water use efficiency, landscape experience, and cultural heritage.
1. Waterworks and Water Use in the Moonlight Garden and Taj Mahal Landscape. A Smithsonian study
documented historical waterworks of a 17th century
Mughal garden that was built immediately across the
Yamuna River from the
Taj
Mahal
( We s c o a t ,
2000a).
In
addition to
reconstructing how water was lifted
from shallow
wells along the river and conveyed through an aqueduct, tank, and fountain system, this study offered interpretations of the meanings of hydrologic processes
and estimates of historical water use. A subsequent
study pursued these themes through an essay on the
“Colors of Water at the Taj Mahal” (Wescoat 2011).
2. Water-Conserving Design at the Rajput-Mughal
Complex of Nagaur Fort, Rajasthan. The Mehrangarh
Museum Trust has undertaken extensive conservation
research and practice at this historic fort. As it is
located a hyper-arid region of western India, attention
was focused on the physical conservation of historical
waterworks and the water use efficiency of conserva-
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tion plantings, which included the development of
an expanded conceptual model for historical water
system conservation (Wescoat 2007ab).
3. Elaborating the Water-Conserving Design Model.
Interestingly, the conceptual design model
developed
for historical
landscape
research has
grown
to
encompass
a widening
range of issues related to contemporary water infrastructure, management, livelihoods, experience, and
meaning (Wescoat, 2007c, 2009a).
4. Water Budget Analysis at the Urban Scale. One line of
elaboration involves advances in water budget analysis
in South Asian cities. Landscape architects have used
water budget analysis for several decades, but recent
applications are expanding in water conservation pricing, irrigation design, and landscape planning.
This is also the case in sites and cities of South
Asia and the Middle East (Wescoat 2009b, 2013a).
Integrative Comparisons between Water-Conserving Design in South Asia and the U.S.
Some of the most challenging “lessons from the field”
are those that
strive to adapt insights from distant
places and earlier
times in one region to contemporary issues in
another. The challenges are theoretical, methodological, and pragmatic
– and they are vi-
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tally important within a globalizing world where water
innovations diffuse rapidly in some cases, and far too
slowly in others. I have been fascinated by two main
types of integrative comparative water inquiry.
1. Historical Geography of Water Precedents. The flow of
water innovations crosses continents, centuries, and
many disciplines that are distantly related to landscape
architecture. For example, one study has shown how
ideas about irrigation systems in 17th century South
Asia shaped irrigation theory in the U.S. some three
centuries later (Wescoat, 2000b), while others trace the
parallel flows of water law, policy, design, and engineering (Wescoat, 2002, 2005, 2009c). Human, animal, and
plant rights to water vary in theory and practice across
cultures in ways that will have expanding significance
for landscape architects and planners (Wescoat, 1995b,
Wescoat et al., 2008).
2. Cross-Cultural Studies of Wisdom in Water-Conserving
Landscape Research and Design. A final theme draws
inspiration from ordinary language associations between water and wisdom in South Asia, the Middle
East, and the U.S. Wisdom can be examined in historic
landscapes, just as it can be sought and taught more
explicitly in contemporary water-conserving landscape
research and design (Wescoat, 2006, 2009d, 2013b;
Wescoat and White, 2003).

James L. Wescoat Jr., ASLA, is a
Professor in the Aga Khan Program
for Islamic Architecture at MIT, with
a career-long interest in water-conserving landscape research, planning,
policy and design. He has conducted
water research in India, Pakistan and
the United States from the garden
to river basin scale. He published
Water for Life: Water Management
and Environmental Policy with
geographer Gilbert F. White.

Notes from the Field

Page 23

Urban Currency: Retrofitting the City for
Hydrologic Function
By Kathleen Kambic

The material landscape architecture can best utilize
to foster new conceptions of the city is water. Water,
which literally undermines and underlies our works of
city building, has been dismissed from considerations
of sustenance and survival as a species within the urban
realm. It fills crevices, permeates surfaces, collects at
low points, evaporates - all notable actions modern city
planning labors to control. Water moves through the
city as a part of the water cycle, from tops of buildings
to subsurface transportation tunnels regardless of what
we design to prevent it. The landscape matrix of the
city is permeated by rain, pipes and humidity, all conveying and transferring water from place to place. This
metaphor of landscape as threshold is already exploited
by people - traveling in elevators to skyscraper tops,
descending to the subway. Water literally mediates the
urban surface as humans do urban structures.
Over time, the way we see water shaping the earth
shifts. Its sound, smell and taste uncovers memories
and forms perceptions. The feel of water on our skin
can be both life affirming and terror filled, depending
on if one wants to be in that water. Flooding was once
a gift from the gods in ancient Egypt where geometry
was first developed to re-mark agricultural plots after
the annual Nile flood. The fertile waters left the fields
and the people rejuvenated. In modern Cairo, divorced
from the land, the construction of the Aswan Dam
precipitated the end of this vast natural cycle. Water
has defined realms of occupation through its presence
or absence elsewhere too: at the Alhambra, the step
wells of Rajasthan, Shanghai and Venice. But with
changing cultural standards, the simultaneous occupation of people and water in these places has diminished.
Our temporal connection to water has slowly eroded.
Now, our connections to water happen in backyard
pools, oversized bathtubs and local spas, completely divorced from the natural cycle of water.
In the last 100 years, the United States has built and
then systematically ignored thousands of miles of

stormwater and sewer piping.
On average a water pipe breaks
every two minutes somewhere
in the contiguous 48 states, a
daily problem in larger US cities. 1 Presently, water issues
are tackled from an engineering perspective where what we
build must “withstand” natural
and man-made problems. The
engineering perspective wants
to garner more federal dollars to
create “defensible” water control,
in effect separating water further from the landscape. 2 If instead we allow for change, modification and response according
to the needs of the place as well
as primary human needs, major
water disasters may be better
prevented. For instance, Fargo,
North Dakota, might not flood
if the system of downstream levees were designed to allow for
flexible water control.
Operating massive infrastructural systems is not economically or physically feasible any longer in many places, is foolhardy
in others and impossible in yet
others. If we can take any lessons from New Orleans, Nashville and Fargo, one would be
that massive infrastructure tends
to cause problems as big as the
solutions supposedly provided.
Urban reinvestment and densification starts with water design.
All moments in the city become

An average
American uses ~150
gallons/day

An average
European uses ~40
gallons/day

An average
African uses ~7
gallons/day
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opportunities to reinvest and reinforce natural systems
that support ecological function, which in turn supports
human activity. Large scale water infrastructure does
incredible damage to places both near to and far from
(in place and time) the dam, reservoir or flood control
project at which it is aimed, as well as creating no-man’s
lands where occupation is difficult or impossible. “Like
a biological organism, the urbanized landscape is an
open system, whose planned complexity always entails
unplanned dross… The challenge for designers is thus
not to achieve a drossless urbanization, but to integrate
inevitable dross into more flexible aesthetic and design
strategies.” 3 By scaling down the infrastructural interventions in the city, we can minimize wasted space and
maximize user experience.
Water is not just a resource, a right or a commodity.
Humans must reevaluate how we want to utilize nature, instead of subsuming its products, in order to capitalize on its processes. This design research on water
and landscape infrastructure is participatory in the ongoing narrative of landscape, available to human history but not suppressed by it. “…(T)he idea of nature
contains an extraordinary amount of human history.
What is often being argued, it seems to me, in the idea
of nature is the idea of man; and this not only generally, or in ultimate ways, but the idea of man in society,
indeed the ideas of kinds of societies.” 4 Now we have
better methods, more information and new perspectives on how water supports city building through its
flexibility and simple laws, nourishes both physical and
emotional needs and acts as an to re-engage nature in
the on-going project of humanity.

1 Duhigg, Charles (2010). “Saving U.S. Water and Sewer Systems
Would Be Costly” The New York Times. Toxic Waters series,
March 14, 2010.
2 Powell, Anne Elizabeth (2010). “The Infrastructure Roundtables : Seeking Solutions to an American Crisis.” Civil Engineering: The Magazine of the American Society of Civil Engineers.
April. 43.
3 Berger, Alan (2006). “Coda: Urban Landscape is a Natural
Thing to Waste.” Drosscape : Wasting Land in Urban America.
44-45.
4 Williams, Raymond (1980). “ Idea of Nature.” Problems of
Materialism and Culture. 70-71.

If instead of choosing to build massive and expensive infrastructural pipe systems above and below ground, we started
creating infrastructure at scale of a person, the efficacy of
the water cycle could increase. Decentralizing and deconstructing water infrastructure into human scale projects can
specifically address recreational, drinking, cleaning, agricultural, industry and other needs in situ. Infrastructural costs
would decrease as each incremental water system disconnected itself from the urban whole and addressed only the
urban proximity.
Further Information:
Why your water bill must go up:
http://www.theatlanticcities.com/technology/2011/11/whyyour-water-bill-must-go-up/578/
Hidden water in everything:
http://environment.nationalgeographic.com/environment/freshwater/embedded-water/
Colorado headwater issues:
http://coyotegulch.wordpress.com/

Kathleen Kambic is an Instructor
at the University of Colorado Boulder Environmental Design Program.
She graduated from the University
of Virginia in 2005 with a Master of
Architecture and a Master of Landscape Architecture.
She has previously worked in both architecture and
landscape firms in Charlottesville, Virginia and Denver,
Colorado. Her work experience encompasses large-scale
urban design projects to small single-family homes. Her
education as both an architect and landscape architect
has led her to develop a hybrid approach to design
learning. Ms. Kambic’s research focuses on ways to
develop viable water infrastructure in urban conditions
at the human scale. Ms. Kambic has taught landscape
architecture, planning and architecture classes at the
University of Colorado for five years.
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Plant Scientist Seeks Understanding Landscape Architect for Meaningful Soil-Plant-Water Relationship, by Kelly
Kopp:

1) USU fact sheet on growth and culture for landscape plant material: http://extension.usu.edu/files/publications/
publication/HG_500_2.pdf
2) CSU fact sheet on tree selection: http://www.ext.colostate.edu/mg/gardennotes/632.html
3) Soil-testing lab at Rutgers University: http://njaes.rutgers.edu/soiltestinglab/
4) Soil-testing lab at LSU: http://www.lsuagcenter.com/en/our_offices/departments/SPESS/ServiceLabs/soil_
testing_lab/
5) Soil-testing lab at Auburn University: http://www.aces.edu/anr/soillab/
6) Private soil-testing lab information: http://urbanext.illinois.edu/soiltest/
Naturalizing Urban Landscapes for Energy and Water Conservation: A Case Study 2005 – 2011, by Ken Ball
(Boldface are the best of the best, * are the first to purchase.)

1) *Ellefson, Connie Lockhart, and David Winger, XERISCAPE COLORADO, The Complete Guide, Englewood,
CO, Westcliffe Publishers, 2004.
2) Gilmer, Maureen, California Wildfire Landscaping, Dallas, Taylor Publishing Company, 1994.
3) *Knopf, Jim, The Xeriscape Flower Gardener. Boulder, CO: Johnson Books, 1991.
4) Knopf, Jim, Waterwise Landscaping with Trees and Shrubs. Boulder, CO: Chamisa Books, 1999.
5) LeBlanc, Sydney and Charles Mann, Secret Gardens of Santa Fe, New York, Rizzoli International, 1997.
6) Phillips, Judith, Natural by Design: Beauty and Balance in Southwest Gardens, Santa Fe, Museum of New Mexico Press, 1995.
7) Phillips, Judith, Plants for Natural Gardens, Santa Fe, Museum of New Mexico Press, 1995.
8) Phillips, Judith, Southwestern Landscaping with Native Plants, Santa Fe, Museum of New Mexico Press, 1987.
9) Rumar, Mark, Xeriscaping – Planning and Planting Low-Water Gardens, Sterling Publishing Company, New
York, 1995.
10) Stephens, Tom, Doug Welsh and Connie Ellefson, Xeriscape Gardening, Water Conservation for the American
Landscape. New York, Macmillan Publishing, 1992.
11) Tatroe, Marcia, Perennials for Dummies, IDG Books, Foster City, CA, 1997.
12) Water Resources Research Center, University of Arizona, Desert Landscaping, Plants for a Water-Scarce Environment, 1996, CD-ROM.
13) Weinstein, Gayle, Xeriscape Handbook, Golden, CO, Fulcrum Publishing, 1999.
14) Williams, Sara, Creating the Prairie Xeriscape, University Extension Press, University of Saskatchewan, Saskatoon, Canada, 1997.
15) Winger, David, ed., Xeriscape Plant Guide, Denver Water, AWWA, Fulcrum Publishing, 1996.
Water-Conserving Landscape Research in South Asia, by James Wescoat
1) Wescoat, J.L. Jr., "Managing the Indus River Basin in Light of Global Climate Change: Four Conceptual Approaches." Global Environmental Change: Human and Policy Dimensions (December 1991): 381-95.
2) ___________. "Waterworks and Culture in Metropolitan Lahore,” Asian Art and Culture. (Spring/Summer
1995a): 21-36.
3) ___________. "The `Right of Thirst' for Animals in Islamic Water Law: A Comparative Approach," Environment and Planning D: Society and Space 13 (1995b) 637-54.
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4) ___________. “Waterworks and Landscape Design at the Mahtab Bagh.” In The Moonlight Garden: New
Discoveries at the Taj Mahal, Ed. Elizabeth B. Moynihan. Washington, DC: Smithsonian Institution and University of Washington Press, 2000a pp. 59-78.
5) ___________. “Wittfogel East and West: Changing Perspectives on Water Development in South Asia
and the US, 1670-2000.” In Cultural Encounters with the Environment: Enduring and Evolving Geographic
Themes. Eds. A.B. Murphy and D.L. Johnson. Rowman & Littlefield, 2000b, pp. 109-32.
6) ___________. “Beneath Which Rivers Flow: Water, Geographic Imagination, and Sustainable Landscape
Design,” in Landscapes of Water: History, Innovation and Sustainable Design, vol. 1. Eds. U. Fratino, A. Petrillo,
A. Petruccioli, and M. Stella. Bari: Uniongrafica Corcelli Editrice, 2002, pp. 13-34.
7) ___________. “Water Policy and Cultural Exchange: Transferring Lessons from around the World to the
Western United States,” In Search of Sustainable Water Management: International Lessons for the American
West and Beyond, ed. D. Kenney, Cheltenham: Edward Elgar Publishing, 2005, pp. 1-24.
8) ___________. “Gilbert F. White (1911-2006): Wisdom in Environmental Geography,” The Geographical
Review 96:4 (2006): 700-710.
9) ___________. “Garden and Waterworks Conservation Workshop at Nagaur Fort, Rajasthan”, LA! Journal of
Landscape Architecture (India), vol 16, 2007a, pp. 16-17.
10) ___________. Conserving Mughal Garden Waterworks, Sir Bernard Feilden Lecture publication. New Delhi: Indian National Trust for Art and Cultural Heritage, 2007b.
11) ___________. “Water Conserving Design: From Historic Landscapes to the 21st Century,” LA! Journal of
Landscape Architecture (India), vol 16, 2007c, pp. 38-41.
12) ___________. “Waterscapes and Water Conserving Design,” LA! Journal of Landscape Architecture (India), Volume 25, Fall 2009a.
13) ____________. “Water Shortages and Water-Conserving Urban Design in Pakistan,” Pakistan’s Water Crisis. Ed. M. Kugelman. Washington, DC: Woodrow Wilson Center, 2009b.
14) ___________. “Submerged Landscapes: the Public Trust in Urban Environmental Design, from Chicago to
Karachi and Back Again.” Vermont Journal of Environmental Law ( July 2009c): 435-75.
15) ___________. “Searching for Wisdom in Mughal-Rajput Waterworks: East-West Interdependencies,”
East-West Landscape Interdependencies. Eds. Joachim Wolschke-Bulmahn and Joachim Ganzert, University
of Hanover, 2009d.
16) __________. “The Colors of Water: Hydrology and Human Experience at the Taj Mahal.” In New Geographies: Urbanisms of Color. Ed. Gareth Doherty, Harvard GSD, 2011.
17) ___________. “The Indus River Basin as Garden,” Die Gartenkunst, 2012.
18) ___________. “Water-Conserving Design: Contributions of Water Budget Analysis in Arid And Semi-Arid Regions,” in Out of Water. Eds. A. Chouni and L. Margolis (accepted, 2013a).
19) ___________. “Water, Climate, and the Limits of Human Wisdom: Historical-Geographic Analogies between Early Mughal and Modern South Asia,” Professional Geographer (2013b).
20) Wescoat, J.L., Jr. and R. M. Leichenko. "Complex River Basin Management in a Changing Global Climate: Indus River Basin Case Study in Pakistan, A National Modelling Assessment. Collaborative Paper, no. 5.
Boulder: Center for Advanced Decision Support in Water and Environmental Systems, 1992.
21) Wescoat, J.L., Jr. and Gilbert F. White. Water for Life: Water Management and Environmental Policy.
Cambridge: Cambridge University Press, 2003.
22) Wescoat, J.L. Jr., L. Headington and R. Theobald “Water and Poverty in the United States: An Update,”
Encyclopedia of the Earth, 2008.
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General Resources:
1) ASLA Water Conservation PPN (www.asla.org)
2) Alliance for Water Efficiency (www.a4we.org)

3) CA Urban Water Conservation Council (www.cuwcc.org)

4) Center for Landscape Conservation & Ecology, U Florida (http://gardeningsolutions.ifas.ufl.edu/clce/)
5) Center for Sustainable Landscapes (http://phipps.conservatory.org/)

6) Circle of Blue (www.circleofblue.org) - leading journalists and scientists on water

7) Ferguson, Bruce. 1994. Stormwater Infiltration. - foundational work by, and for, landscape architects
8) Rainwater Harvesting (http://www.harvestingrainwater.com/)
- Brad Lancaster’s important experience-based work
9) Irrigation Association

(www.irrigation.org) - smart irrigation practices and policy

10) Knopf, Jim. 1991. Xeriscape Flower Gardener.

11) Knopf, Jim. 1999. Waterwise Landscaping with Trees, Shrubs & Vines.

12) RAIN: Native American Expressions from the American Southwest. 2000. Heard Museum, Museum of New
Mexico Press.
13) Sonora Desert Museum, Tuscon

14) Southern Nevada Water Authority

(www.desertmuseum.org)

(www.snwa.org) - water management in the southwest

15) Thompson and Sorvig. 2007. Sustainable Landscape Construction, 2nd Edition.
16) Xeriscape Council of New Mexico

(www.xeriscapenm.com)

